Microarray studies of the Escherichia coli response to nitric oxide and nitrosative stress have suggested that additional transcriptional regulators of this response remain to be characterized. We identify here the product of the yjeB gene as a negative regulator of the transcription of the ytfE, hmpA and ygbA genes, all of which are known to be upregulated by nitrosative stress. Transcriptional fusions to the promoters of these genes were expressed constitutively in a yjeB mutant, indicating that all three are targets for repression by YjeB. An inverted repeat sequence that overlaps the ؊10 element of all three promoters is proposed to be a binding site for the YjeB protein. A similar inverted repeat sequence was identified in the tehA promoter, which is also known to be sensitive to nitrosative stress. The ytfE, hmpA, ygbA, and tehA promoters all caused derepression of a ytfE-lacZ transcriptional fusion when present in the cell in multiple copies, presumably by a repressor titration effect, suggesting the presence of functional YjeB binding sites in these promoters. However, YjeB regulation of tehA was weak, as judged by the activity of a tehA-lacZ fusion, perhaps because YjeB repression of tehA is masked by other regulatory mechanisms. Promoters regulated by YjeB could be derepressed by iron limitation, which is consistent with an iron requirement for YjeB activity. The YjeB protein is a member of the Rrf2 family of transcriptional repressors and shares three conserved cysteine residues with its closest relatives. We propose a regulatory model in which the YjeB repressor is directly sensitive to nitrosative stress. On the basis of similarity to the nitrite-responsive repressor NsrR from Nitrosomonas europaea, we propose that the yjeB gene of E. coli be renamed nsrR.
Pathogenic strains of enteric bacteria are exposed to high concentrations of nitric oxide (NO) made by the inducible NO synthase of host phagocytic cells, such as macrophages (11) . Species (such as Escherichia coli) that utilize nitrate and nitrite as electron acceptors for anaerobic respiration probably also generate low levels of NO as a consequence of the reduction of nitrite (4, 19) . Since NO is reactive and toxic, bacteria may require enzyme systems that protect against NO, whether the source is endogenous or exogenous (32) . In the case of E. coli, flavohemoglobin, flavorubredoxin, and the cytochrome c nitrite reductase, Nrf, are enzymes that utilize NO as a substrate and have established roles in mediating NO resistance (15, 31, 34) . Several regulatory proteins have been shown to be sensitive to NO in vitro or in vivo, or both, and so may mediate adaptive responses to NO exposure. These include SoxR, OxyR, FNR, MetR, and Fur (5, 6, 10, 12, 17) , though in each case the principal function of the regulator is to sense another signal (superoxide, hydrogen peroxide, oxygen, homocysteine, and iron, respectively). The only regulator known to serve exclusively as an NO sensor in E. coli is NorR, which activates transcription of the norVW genes encoding the flavorubredoxin and associated flavoprotein that together reduce NO to nitrous oxide (7, 13, 14, 16, 18) .
Three studies have made use of microarrays to evaluate the response of the E. coli transcriptome to exposure to NO or other reagents that cause nitrosative stress (12, 21, 27) . These experiments differed in their choice of medium (rich or defined), growth conditions (aerobic or anaerobic, batch or continuous culture) and the reagents used to impose nitrosative stress (S-nitrosoglutathione, acidified nitrite, or aqueous NO), which may in part account for the different gene sets identified in each case. Only three transcription units were found to be upregulated in all three studies: norVW, hmpA, and nrdH. The norVW genes are activated in response to NO by NorR (7, 14, 42) . Regulation of the hmpA gene has been extensively studied, and it has been shown that hmpA transcription is subject to repression mediated by MetR and FNR. It has been proposed that upregulation of hmpA by NO involves inactivation of MetR by nitrosation of its corepressor, homocysteine (25) , and inactivation of FNR by reaction of NO with the protein-bound [Fe-S] cluster (5) . The third gene identified in all three array studies was nrdH, the first gene of an operon encoding components of a ribonucleotide reductase, the expression of which has not been studied.
Microarray analysis of cells grown in rich medium and exposed to either S-nitrosoglutathione (GSNO) or acidified nitrite identified a number of genes that remained inducible in strains lacking the NO-responsive regulators mentioned above (27) . Thus, it was proposed that the E. coli genome encodes another NO-responsive regulatory protein (27) . One of the potential targets for the unidentified regulator was ytfE, which can also be strongly induced by aqueous NO in anaerobic cultures (21) . The ytfE homologue of Salmonella enterica serovar Typhimurium (designated nipC) was identified in a screen for promoters inducible by acidified nitrite (23) . Homologues of ytfE are also NO inducible in the denitrifying organisms Ralstonia eutropha and Pseudomonas stutzeri, which make NO as an intermediate of denitrification (29, 44) . Despite its widespread nature and conserved expression pattern, the function of the ytfE gene product remains unknown. Mutation of the ytfE gene of E. coli causes an increased sensitivity to NO through a mechanism that has not been defined (21) . In the present study, we identify the product of the yjeB gene as the regulator of ytfE transcription. We identify a sequence in the ytfE promoter that we propose to be required for regulation by YjeB and show that at least two other promoters that share this sequence (hmpA and ygbA) are targets for regulation by YjeB.
MATERIALS AND METHODS
Bacterial strains and plasmids and culture conditions. Bacterial strains and plasmids used in the present study are listed in Table 1 . The rich medium for routine culturing of E. coli was Lennox (L) broth (tryptone 10 g liter Ϫ1 ; yeast extract 5 g liter Ϫ1 ; NaCl 5 g liter Ϫ1 ). Cultures for preparation of electrocompetent cells were grown in SOB medium, and the cells were prepared according to standard protocols (37) . Cultures for ␤-galactosidase assays were grown either in L broth, or in a mineral salts medium (40) , supplemented with glucose (0.2 and 0.5% [wt/vol], for aerobic and anaerobic cultures, respectively), Casamino Acids (0.5 g liter Ϫ1 ), vitamin B 1 (0.01 mg liter Ϫ1 ), and other supplements as indicated. Aerobic cultures were grown in 20 ml of medium in 250-ml flasks, which were shaken at 250 rpm. Anaerobic cultures were grown standing in filled bottles. For ␤-galactosidase assays, cultures were treated with NO sources when in early log phase (optical density at 650 nm of 0.15 to 0.3) and were assayed 90 to 120 min later while still in log phase. Treatment with NO sources caused partial or no growth inhibition, depending on growth conditions and the reagent used. Cultures for iron starvation experiments were grown aerobically in L broth as described previously (33) . NO was prepared as an aqueous solution by reaction of sodium nitrite with sulfuric acid (33); GSNO and N-(2-aminoethyl)-N-(2-hydroxy-2-nitrosohydrazino)-1,2-ethylenediamine (Spermine NONOate) were purchased from Calbiochem.
Construction of reporter fusions. The noncoding region upstream of ytfE was amplified by PCR using primers ytfEP1 and ytfEP3, with a BamHI site incorporated at the 5Ј end of the gene-proximal primer, to facilitate subsequent cloning reactions (all primer sequences are available from the authors on request). The PCR product was cloned into pSTBlue-1 by using the Perfectly Blunt Cloning Kit (Novagen), and the DNA sequence of the insert was confirmed. The ytfE promoter was then cloned into pRS415 on an EcoRI-BamHI fragment (using the EcoRI site in pSTBlue-1) and was transferred to RS45 by homologous recombination in MC1000 (39) . The resulting phage was used to lysogenize MC1000, generating strain JOEY19. Mono-lysogens were initially distinguished from dilysogens by ␤-galactosidase assays and were subsequently confirmed by PCR (35) . Reporter fusions to the noncoding regions upstream of hmpA, ygbA, tehA, and yjeB were made by the same strategy.
Transposon mutagenesis and cloning of insertions. Strain JOEY19 was subjected to transposon mutagenesis using the EZ-Tn5ϽR6K␥ori/KAN-2ϾTnp Transposome kit (Epicenter) according to the manufacturer's instructions. Briefly, the Transposome complex was electroporated into JOEY19, and then dilutions of the cell suspension were plated on to L agar, supplemented with kanamycin and X-Gal (5-bromo-4-chloro-3-indolyl-␤-D-galactopyranoside). Approximately 10,000 colonies were screened, from which 17 with a blue-colony phenotype were selected for further characterization. ␤-Galactosidase activity was assayed in overnight cultures of these 17 strains; 14 gave activities only ϳ2-fold higher than the JOEY19 control, and 3 (named JOEY24, JOEY28, and JOEY30) gave extremely high activities. Genomic DNA was prepared from these three strains (using the Wizard Genomic DNA purification kit from Promega), digested with EcoRI, and then immediately ligated. Ligation reactions were Other genetic methods. The coding region of the yjeB gene was replaced with a kanamycin resistance cassette using a the red recombinase method with primers yjeBP1 and yjeBP2 and pKD4 as the template (8) . The mutation was transferred to strains MC1000 and JOEY19 by P1 transduction. To convert the insertion mutation to an unmarked deletion, the strains were transformed with pCP20, and kanamycin/ampicillin-sensitive transformants were identified after colony purification at 43°C (8) . The structures of the insertion and deletion mutants were confirmed at each step by PCR. For complementation tests, the yjeB gene and 5Ј noncoding region were amplified with the primers yjeB5Ј and yjeB3Ј, and the PCR product was cloned into pSTBlue-1.
Site-directed mutagenesis was done with the QuikChange II kit (Stratagene) according to the manufacturer's instructions, with pGIT1 DNA as the template. The products of mutagenesis were sequenced prior to further analysis.
RNA methods. Cultures for RNA isolation were grown anaerobically and exposed to nitrite for 30 min prior to mRNA isolation. RNA was purified from growing cultures with QIAGEN RNeasy minikits according to the manufacturer's instructions. Transcript start sites were determined by 5Ј-RACE (5Ј-Full RACE Core Set; Takara) according to the manufacturer's directions. Primers for RACE were designed according to the manufacturers' guidelines.
RESULTS
Regulation of the ytfE gene. In microarray experiments, transcription of ytfE was activated by treatment of aerobic cultures grown in rich medium with GSNO or acidified nitrite and of anaerobic cultures grown in minimal medium with aqueous NO (21, 27) . However, in continuous cultures grown in minimal medium, ytfE expression did not respond to GSNO (12) . We have studied here the activity of a ytfE-lacZ transcriptional fusion that is integrated into the chromosome of strain JOEY19. Expression of the reporter fusion was measured in cultures grown under both aerobic and anaerobic conditions and exposed to physiological and chemical sources of NO ( Table 2 ). The basal level of activity of the ytfE promoter in cultures grown aerobically or anaerobically in glucose minimal medium was low (Ͻ50 U). The addition of 0.02 mM aqueous NO to anaerobic cultures caused an ϳ16-fold increase in ytfE promoter activity (Table 2 ), in agreement with data from microarray experiments (21) . Treatment with 0.1 mM GSNO caused an ϳ5-fold increase in ytfE promoter activity in aerobic cultures, and an ϳ14-fold increase in anaerobic cultures ( Table  2) . The relatively small effect of GSNO in aerobic cultures is surprising, in view of the 38-fold increase in ytfE expression that was observed by microarray analysis of cultures grown aerobically in rich medium and exposed to 0.1 mM GSNO (27) . Therefore, we assayed ytfE-lacZ expression in cultures grown aerobically in L broth and exposed to 0.1 mM GSNO for 1 h in log phase. Under these conditions, ytfE promoter activity (664 Ϯ 42 U) was much higher than in cultures grown in minimal medium and showed an induction ratio similar to that seen in the microarray analysis. One possible explanation for the medium effect is that growth in tryptone-based rich medium induces the expression of oligopeptide permeases that can transport GSNO into the cell (9) . This consideration may not apply in anaerobic cultures (in which ytfE expression is more sensitive to GSNO), where the extracellular NO that is released by the slow homolytic decomposition of GSNO is more stable to auto-oxidation than in the presence of oxygen. Treatment with Spermine NONOate (which decomposes with a half-life of approximately 40 min at neutral pH and 37°C, releasing one molar equivalent of NO) caused a large increase in ytfE promoter activity under both aerobic and anaerobic conditions (Table 2) . Presumably, the continuous provision of NO by the decomposition of Spermine NONOate provides a steady-state concentration of NO that is sufficient to overcome the tendency of NO to auto-oxidize in the presence of oxygen; thus, the NONOate is an efficient inducer of ytfE in aerobic cultures.
The addition of either nitrate or nitrite to anaerobic cultures also caused activation of ytfE-lacZ expression. Elimination of nitrate respiration by introduction of a mobAB mutation (which prevents biosynthesis of the molybdenum cofactor required by nitrate reductase) into JOEY19 eliminated activation of ytfE by nitrate (data not shown). This shows that activation of ytfE by nitrate requires nitrate reduction and indicates that ytfE is not a member of the nitrate/nitrite-responsive NarXL/NarQP regulon. The most likely explanation for the effects of nitrate and nitrite on ytfE transcription is that the promoter is activated by the low levels of NO that are made by E. coli as a by-product of nitrate and nitrite respiration (4, 20) . The expression of ytfE is not upregulated by hydrogen peroxide or by superoxide (30, 46) , so it seems that the ytfE promoter is sensitive specifically to reagents that cause nitrosative stress.
The yjeB gene encodes a repressor of ytfE expression. The ytfE-lacZ fusion is upregulated by multiple copies of the ytfE promoter, a finding suggestive of negative regulation (see below). To identify the gene encoding the repressor of ytfE, JOEY19 was subjected to transposon mutagenesis, and mutants in which the ytfE promoter was derepressed were identified by screening on media containing X-Gal. Three transposon insertion mutations gave rise to high and constitutive ytfE promoter activities (Fig. 1) ; the three insertions mapped to different positions within the coding region of yjeB. Precise replacement of the yjeB gene by a kanamycin resistance cartridge (8) 
b For each condition, ␤-galactosidase activity was assayed in duplicate in at least three independently grown cultures. Units of activity are as defined by Miller (26) .
c ND, not done.
1), confirming that constitutive ytfE promoter activity in the transposon insertion mutants is caused by the insertions and not by adventitious second-site mutations. The kanamycin resistance cartridge was removed by site-specific recombination, leaving an unmarked deletion of yjeB (8) . The ytfE promoter was also derepressed by this deletion of yjeB (Fig. 1) . The yjeB gene is the promoter proximal gene of a transcription unit that also includes rnr, encoding RNase R, and yifH and yifI, the products of which may also have roles in RNA metabolism (3). The yjeB gene is predicted to encode a transcriptional repressor of the Rrf2 family (http://pfam.wustl.edu/index.html), and no transposon insertions that caused derepression of ytfE were recovered in rnr, yifH, or yifI. Thus, it is likely that derepression of ytfE is a direct consequence of mutations in the coding region of yjeB. Accordingly, the yjeB mutant phenotype could be complemented in trans by the yjeB gene cloned on a plasmid (Fig. 1) , confirming that polar effects of yjeB mutations do not contribute to derepression of the ytfE promoter. The complemented strain showed a smaller (though still significant) response to nitrite (data not shown) and Spermine NONOate (Fig. 1) . We suggest that the presence of multiple copies of the yjeB gene causes an enhanced repression of the ytfE promoter, such that it is less sensitive to treatments that cause a larger derepression in the wild-type background.
Other targets for YjeB regulation. Transformation of JOEY19 with pGIT1, which contains the ytfE promoter fragment cloned in a high-copy-number vector, gave rise to high ␤-galactosidase activities from the ytfE-lacZ fusion (Table 3) . This result is most easily explained by a repressor titration effect (41) and is consistent with negative regulation of the ytfE promoter by YjeB. The ytfE promoter region contains a prominent inverted repeat sequence, (AAGATGcATTTaAAATaC ATCTT), which is not the recognition sequence for any known regulatory protein. We determined the start site of the ytfE mRNA, which identifies the Ϫ10 motif of the ytfE promoter as the TAAAAT sequence close to the center of the inverted repeat (Fig. 2) . Deletion of the AT base pair at the center of dyad symmetry of this putative YjeB binding site eliminated activity in the repressor titration assay (Table 3 ). This result is consistent with the hypothesis that the inverted repeat is the binding site for the YjeB repressor. We were unable to recover Lac ϩ fusion phages containing this promoter, presumably because the deletion (which is within the Ϫ10 sequence) eliminates ytfE promoter activity.
The cis-acting sequence hypothesized to be required for YjeB regulation of ytfE was used to search the E. coli genome (http://genolist.pasteur.fr/Colibri/), and similar sequences were found in the promoter regions of the hmpA, tehA, and ygbA genes (Table 3 and Fig. 2 ). All three of these genes can be activated either by GSNO or by aqueous NO in microarray experiments (21, 27) . Transcription from the ygbA promoter was shown to be sensitive to low concentrations of GSNO, and this gene was suggested to belong to a yet-to-be discovered regulon (27) . The noncoding regions from upstream of the three genes were cloned and tested in the repressor titration assay. The ygbA and tehA promoter fragments caused a 20-to 25-fold derepression of the ytfE-lacZ fusion (Table 3) , which is consistent with the presence of YjeB binding sites. The hmpA promoter fragment caused an ϳ39-fold derepression of the ytfE promoter, similar to the level of derepression seen with the ytfE promoter itself (Table 3) .
To investigate the regulation of hmpA, tehA, and ygbA, each promoter was fused to lacZ to generate a chromosomal transcriptional fusion. Assays of ␤-galactosidase from these fusions were used to measure promoter activities under different growth conditions, and in the strain deleted for yjeB (Fig. 3) . The hmpA and ygbA promoter fusions showed very similar 
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yjeB REGULATORY GENE OF ESCHERICHIA COLI 877 patterns of activity to the ytfE-lacZ fusion. Both had low activities in aerobic and anaerobic cultures and could be upregulated by treatment of aerobic cultures with Spermine NONOate and of anaerobic cultures with nitrite ( Fig. 3) . In a yjeB mutant background, the hmpA and ygbA promoters were constitutively active. Thus, the hmpA and ygbA promoters are targets for repression mediated by YjeB, which is consistent with the presence of potential YjeB binding sites in these promoters, as revealed by the repressor titration assay. The tehA promoter contains a putative YjeB binding site (Table 3 ); yet assays of the tehA-lacZ fusion suggested that YjeB has only a small (though reproducible) effect on tehA promoter activity.
The tehA promoter had a high activity in untreated cultures, which increased Ͻ2-fold in response to NO sources or to the yjeB mutation (Fig. 3) . It is possible that growth conditions that reveal maximal YjeB regulation of the tehA promoter have not yet been identified. The transcription start sites of the tehA and ygbA promoters were determined by 5Ј-RACE, using mRNA isolated from cultures grown anaerobically and treated with nitrite. The start site of the hmpA mRNA has been determined previously (24) . In all three cases, and as is the case for ytfE, the likely YjeB binding site overlaps or partially overlaps the Ϫ10 element of the promoter (Fig. 2) , suggesting that YjeB represses transcription by interfering directly with transcription initiation by RNA polymerase.
We were unable to detect a possible YjeB binding site in the yjeB promoter, and assays of a yjeB-lacZ fusion showed that yjeB expression is not subject to autoregulation. Furthermore, expression of the yjeB-lacZ fusion is not regulated by sources of NO (data not shown). Therefore, the NO responsiveness of targets for YjeB regulation does not involve regulation of expression of the yjeB gene.
Iron regulation of YjeB-repressed promoters. It has been shown previously that the hmpA promoter switches on in response to iron limitation, imposed by the addition of 0.1 to 0.4 mM 2Ј2Ј-dipyridyl to cultures growing in rich medium (33) . A strong response to iron starvation was observed in aerobic cultures (33) , excluding inactivation of FNR as the sole mechanism involved. We speculated that stimulation of hmpA by iron chelation might reflect an iron requirement for efficient repression by YjeB. We therefore assayed YjeB-regulated promoters for their response to iron limitation, using growth conditions similar to those used previously with the hmpA promoter (33) . In agreement with the previous results, we found that the hmpA promoter was significantly upregulated by treat -FIG. 2 . Organization of the ytfE, hmpA, ygbA, and tehA promoters. Sequences that match the inverted repeat that is the proposed YjeB binding site in ytfE (AAGATG-ATTT-AAAT-CATCTT) are underlined. Promoter elements (Ϫ10 sequences) and start codons are shown in boldface, and transcription start sites are indicated (ϩ1). The mRNA start site and promoter sequences for hmpA have been reported previously (24) . Start sites for ytfE, ygbA, and tehA were determined in the present study. Table 4) . The other promoters known to be strongly regulated by YjeB (ytfE and ygbA) were similarly responsive to iron limitation (Table 4) . Thus, the response of the hmpA promoter to iron limitation appears to be a common feature of YjeB-repressed promoters, and we propose that YjeB is, either directly or indirectly, inactivated by iron limitation. The tehA promoter was not derepressed by iron limitation (Table 4) , which is consistent with the weak regulation of this promoter by YjeB.
DISCUSSION
We have identified the product of the yjeB gene as a regulator of three promoters (ytfE, hmpA, and ygbA) that are stimulated by sources of NO. We assume that YjeB-regulated genes have a physiological role in protecting the cell against NO. This is undoubtedly the case for the flavohemoglobin, which has an established role in mediating NO resistance (13, 32) . Mutation of ytfE causes an enhanced sensitivity to NO, and the YtfE protein is predicted to contain iron, though it is of unknown function (21) . The biochemical function of the product of the ygbA gene is not known. The YjeB protein is a member of the Rrf2 family of transcriptional repressors, named for a regulator of the hmc operon of Desulfovibrio vulgaris (22) . The best-characterized member of the Rrf2 family is the IscR protein of E. coli, which contains a [2Fe-2S] cluster, and regulates the transcription of isc genes, the products of which have roles in the biogenesis of [Fe-S] clusters (38) . IscR-mediated repression can be reversed by iron starvation (28) , an effect similar to that reported here for YjeB. Another Rrf2 family member is NsrR of Nitrosomonas europaea, which represses the transcription of the nirK gene encoding a copper nitrite reductase (1). NsrR-mediated repression is reversed in vivo by nitrite, suggesting that NsrR activity is sensitive to nitrite or a product of nitrite metabolism (1) . In Rhodobacter capsulatus E1F1, a homologue of the N. europaea nsrR gene is in a cluster of genes required for nitrate assimilation, including the hcp gene encoding a hydroxylamine reductase that protects against reactive intermediates or byproducts of nitrate metabolism (2) . The RirA protein is an Rrf2-type regulator from Rhizobium leguminosarum, which is a repressor of genes involved in iron assimilation (45) . All of these proteins, including YjeB, share three conserved cysteines, although with somewhat variable spacing. Since these are the only cysteine residues in IscR, it is likely, although not proven, that they provide three of the ligands to the [2Fe-2S] cluster (38) . It has been suggested that the NsrR-type proteins also contain an [Fe-S] cluster that is liganded by the three conserved cysteine residues and can be inactivated by either nitrite or hydroxylamine (38) . On the basis of these properties of the Rrf2 family members, and our genetic data, we propose that YjeB is an NO-sensitive repressor of its target promoters. Although it is not possible at this stage to completely exclude indirect effects, it seems likely that YjeB is a direct repressor of the transcription of its targets (see below). We also cannot be certain that NO is the principal or sole inducer of YjeB-regulated genes, although all of the available evidence points to this being the case. On the basis of similarity to the other Rrf2 family members, we suggest that YjeB contains an NO-labile [Fe-S] cluster and that iron starvation causes the synthesis of an inactive apo form of the protein.
The tehA promoter is activated threefold by aqueous NO in anaerobic cultures (21) and contains an inverted repeat resembling the putative YjeB binding site (Table 3 ) overlapping the Ϫ10 sequence (Fig. 2) . However, the promoter is apparently subject to a very weak regulation by YjeB (Fig. 3 ). We were unable to detect any additional transcription initiation site for tehA using RNA isolated from cells grown under different conditions, and assays of the tehA-lacZ fusion under different growth conditions did not reveal additional patterns of regulation. Nevertheless, it is possible that we have yet to identify the growth conditions that are required for maximal YjeBmediated repression of tehA. Alternatively, the YjeB binding site in the tehA promoter may be weak, and the activity in the repressor titration assay could be high as a simple consequence of a copy number effect. The putative YjeB binding sites in the strongly regulated ytfE, ygbA, and hmpA promoters are characterized by a conserved inverted repeat motif, GATG-N 11 -CATC (Table 3 and Fig. 2 ). The putative site in the tehA promoter diverges from this pattern (Table 3) , so the quality of the binding site may explain the lack of, or weak, regulation by YjeB. The products of the tehA and tehB genes are required for resistance to tellurite and a range of other toxic compounds (43) , and their role, if any, in the response to NO remains to be determined.
The regulation of the hmpA promoter by YjeB is, presumably, superimposed on the previously described regulatory mechanisms involving FNR (5) and MetR (25) . Another study has, however, reported that NO induction of hmpA in aerobic cultures is independent of MetR (27) . If this is the case, then there must be a mechanism for NO induction of hmpA in aerobic cultures that involves neither MetR nor FNR (which is inactive in the presence of oxygen) and that mechanism is presumably the one described here involving YjeB. FNR binds to the hmpA promoter in vitro (5) and the FNR binding site (TTGAG----ATCAA) overlaps the presumed YjeB binding site (Fig. 2 ). It will be interesting to elucidate the mechanistic relationship between FNR-and YjeB-mediated repression of the hmpA promoter.
A recent analysis using comparative genomics has predicted a consensus YjeB binding site similar to the one described here and has also predicted that ytfE, ygbA, and hmpA belong to the YjeB regulon in E. coli (36) . Our experimental data agree with these predictions, and the bioinformatics further predicts that YjeB interacts directly with the sequence proposed here to be its binding site (36) . It has been suggested that YjeB is an a Cultures were grown aerobically in L broth. Iron limitation was induced by the addition of 0.4 mM 2Ј2Ј-dipyridyl during log phase (this concentration is partially growth inhibitory), and ␤-galactosidase was assayed in early stationary phase (33) . Units of activity are as defined by Miller (26) .
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yjeB REGULATORY GENE OF ESCHERICHIA COLI 879 orthologue of the nitrite-responsive repressor NsrR from N. europaea (1, 36) . NsrR is not responsive to nitroprusside (a source of NO ϩ ) but shows an enhanced response to nitrite at low pH (1) . The data are consistent with the possibility that the signal that inactivates NsrR is not nitrite per se but rather the NO formed by nitrite reductase catalyzed nitrite reduction or formed abiotically from nitrite under acid conditions. The related NsrR protein of R. capsulatus E1F1 may also respond to a reactive nitrogen species (2) . On the basis of these similarities, it is appropriate that the yjeB gene of E. coli be renamed nsrR, and it will be of interest to determine the ligand specificities of the NsrR proteins. Bioinformatic analysis suggests that NsrR orthologues mediate responses to NO in a wide range of gram-negative and gram-positive bacteria (36) .
